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CLAIMS 



[Claim 1] It is the boride sintered compact which is a boride sintered compact containing 
the boride which consists of one element M chosen from aluminum, a periodic table la, 
and an Ha group, and boron, and is characterized by the content of the aforementioned 
boride which the aforementioned boride sintered compact consists of the boride and 
unescapable impurity by which composition is expressed with AlX<=lMy<=lBZ>=12, 

^ and is occupied to this sintered compact being more than 98 volume %. 
[Claim 2] The boride sintered compact according to claim 1 with which the maximum 
droplet size of the boride which constitutes a sintered compact is characterized by the 
mean particle diameter of a boride being 1 micrometer or less by 3 micrometers or less. 
[Claim 3] The boride sintered compact according to claim 1 characterized by the degree 

- of hardness of a boride being more than Hv25GPa. - . • 

[Claim 4] The boride sintered compact according to claim 1 characterized by the 
aforementioned element M being Mg. 

[Claim 5] The boride sintered compact according to claim 1 characterized by the 
aforementioned element M being Li. 

[Claim 6] a maximum droplet size ~ a boride particle 3 micrometers or less - pressure: - 
the manufacture method of the boride sintered compact characterized by having 150 or 
more-MPa 10 or less GPa, and the process sintered less than [ more than 
temperature: 1000 degree-C1500 degree C ] 

[Claim 7] For a boride particle 3 micrometers or less, a maximum droplet size is the 
manufacture method of a boride sintered compact according to claim 6 that it is 
characterized by obtaining according to the process at which the raw material with which 
it has composition of one element M:3 with which it is chosen out of 75 to 91 atom %, 
four to aluminum:21 atom %, a periodic table la, and an Ha group by 1 micrometer or' 
less of boronrmaximum droplet sizes - 6 atom % is heat-treated at the temperature of 
1300 degrees C or less in inert gas atmosphere other than nitrogen. 
[Claim 8] a maximum droplet size - a boride particle 5 micrometers or less - pressure: - 
the manufacture method of the boride sintered compact characterized by having 150 or 
more-MPa 10 or less GPa, and the process sintered less than [ more than 
temperature: 1000 degree-C1500 degree C ] 

[Claim 9] For a boride particle 5 micrometers or less, a maximum droplet size is the 
manufacture method of a boride sintered compact according to claim 8 that it is 
characterized by obtaining according to the following process. 

By 40 micrometers or less of maximum droplet sizes Boron : ** 75 to 91 atom %, four to 
aluminum:21 atom %, The raw material which has composition of one element M:3 
chosen from a periodic table la and an Ha group metal - 6 atom % is heat-treated at the 
temperature of 1300 degrees C or less in inert gas atmosphere other than nitrogen, a 
maximum droplet size by 50 micrometers or less and process ** from which a mean 
particle diameter obtains a boride particle 15 micrometers or less - the process at which 
this maximum droplet size grinds a boride particle 50 micrometers or less [Claim 10] The 
manufacture method of the boride sintered compact according to claim 6 or 8 
characterized by setting a sintering pressure to 5 or less GPa more than per GPa. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable 
boride sintered compact for antifriction material or a cutting tool, and its manufacture 
method. Especially, it is related with the optimal boride sintered compact and its optimal 
manufacture method of a high degree of hardness for a processing abrasion-resistant tool 
or a cutting tool of steel or cast iron. 
[0002] 

[Description of the Prior Art] Although aluminum 203 for cutting and Si3N4 ceramic 
tool -arc excellent in abrasion resistance, they are lacking in toughness, and they cannot ' ~ 
acquire tool life sufficient in intermittent cutting. On the other hand, although a cBN 
sintered compact shows a longevity life more, the cBN powder raw material compounded 
under extra-high voltage is expensive. Furthermore, since a cBN sintered compact sinters 
by the extra-high voltage of 4 or more GPas which is the stable zone of cBN, even if a 
tool unit price is high and it long lasting, a cost merit cannot be obtained. [ unit price ] 
[0003] On the other hand, the single crystal of AlMgB14 or AlLiB14 shows an about 
3000-Hv high degree of hardness, and the dogged crystal stracture can be expected as a 
tool material which combined deficit-proof nature and abrasion resistance. 
[0004] As conventional technology about AlMgBM, it is W.Higashi. and T.Ito J.Less 
The technology of a publication is known by Conmi.Met.92 (1983) 239. This paper 
dissolves magnesium and boron into a lot of aluminum melts, and the method of 
depositing a crystal is indicated. 

[0005] Moreover, the technology of a publication is known by USP6099605 as another 
conventional technology. This official report shows that the sintered compact of a high 
degree of hardness is obtained by sintering the powder of aluminum, Mg, and B element 
with hotpress equipment, after turning minutely using the mechanical alloying method. 
[0006] 

[Problem(s) to be Solved by the Invention] By the method of the aforementioned paper, 
AlMgBM particle dozens of micrometers or more is generable. More specifically, the 
minimum is also 50 micrometers and particle size amounts to 2mm at the maximum. 
However, there was a problem that a precise sintered compact could not be obtained, in 
such coarse grain. Moreover, when such coarse grain is ground, detailed-ization takes a 
long time, an impurity mixes in 3 % of the weight or more and a large quantity from a 
pulverization container or tumbling medias (ball etc.), and the sintered compact which 
can evaluate abrasion resistance and deficit-proof nature is not obtained. 
[0007] On the other hand, in order for the pulverization equipment of the high-energy 
type into which a steel crushing steel ball and steel raw material powder were put to 
perform mechanical alloying process to USP6099605 with the technology of a 
publication, impurity mixing of a crushing steel ball or the container quality of the 
material is not avoided. Therefore, it is checked that iron and raw material boron react, 
and FeB49 is generating and mixing. The 2 yuan boride of such a metal is a brittle 
material, and when a sintered compact is manufactured and it uses as a cutting tool, there 
is a problem referred to as reducing the deficit-proof nature of the edge of a blade. 



Moreover, since there is fear of explosion by still more rapid oxidation reaction, it is [ 
that it is easy to produce oxidation reaction in mechanical alloying ] substantially 
impossible to turn minutely the boride containing Ia(s), such as Li and Na, and an Ha 
group metal, and to obtain a sintered compact. 

[0008] Therefore, tiie key objective of tiiis invention is to offer a boride sintered compact 
equipped with deficit-proof nature required for cutting of steel etc., and its manufacture 
method. Moreover, other purposes of this invention are to offer the high boride sintered 
^ compact and its manufacture method of density by the low cost. 
[0009] 

[Means for Solving the Problem] tiiis invention attains the above-mentioned purpose by 
specifying composition, the particle size of a raw material, or the synthetic conditions of 
raw material powder. That is, this invention boride sintered compact is a boride sintered 
--ssiEfJiiet-containing-the boride which consists of one element M chosen from aluminum,.^ 
a periodic table la, and an Ha group metal, and boron. This boride sintered compact 
consists of the boride and unescapable impurity by which composition is expressed with 
AlX<=lMy<=lBZ>=12. And it is characterized by the content of the boride occupied to 
this sintered compact being more than 98 volume %. 

[0010] Conventionally, the sintered compact containing the boride to which composition 
is expressed witii AlX<=lMy<=lBZ>=12 has tiie low content of a boride, for example, 
the impurity is contained in USP6099605 to .10% of the weight of order witii flie 
technology of a publication. This is because an impurity mixes in that case since 
pulverization which destroys the crystal structure nearly completely by mechanical 
alloying is performed to raw material powder. In this invention, by using for a raw 
material the detailed powder with which the crystal structure has not collapsed as much 
as possible, the high sintered compact of the content of a boride can be obtained and the 
optimal high degree of hardness for a cutting tool and deficit-proof nature can be 
combined. 

[001 1] this invention sintered compact consists of a 3 yuan boride to which composition 
is expressed with AlX<=lMy<=lBZ>=12, and an unescapable impurity of under 2 
volume %. AlMgBM, AlLiB14^ etc. are mentioned as composition of a more concrete 
boride. In AlMgB14, more exact stracture is aluminum0.75Mg 0.78B14. As an 
unescapable impurity, generally, by the aluminum-Mg-B system, the oxide containing 
aluminum and Mg is seen and the oxide containing aluminum and Li is seen by the 
aluminum-Li-B system. As an oxide containing aluminum and Mg, AlLi02 is mentioned 
as an oxide with which MgAl 204 contains aluminum and Li. 
[0012] It is desirable to set to 3 micrometers or less the maximum droplet size of the 
boride which constitutes a sintered compact, and to set the mean particle diameter of a 
boride to 1 micrometer or less. By constituting such a detailed boride, the precise sintered 
compact of a high degree of hardness can be obtained. The degree of hardness of a 
sintered compact desirable as a cutting tool is more than Hv25GPa. Moreover, 97% or 
more of the relative density to die theoretical density of a sintered compact is desirable. 
[0013] On the other hand, the manufacture method of this invention boride sintered 
compact is characterized by having the process at which a maximum droplet size sintere a 
boride particle (3 micrometers or less or 5 micrometers or less) less than [ more than 
pressure: ISOMPalOGPa ] and less tiian [ more Uian temperature: 1000 degree-C1500 
degree C ]. 



[0014] By using a detailed boride particle, the precise sintered compact of a high degree 
of hardness can be obtained Such a boride particle is suitable as raw material powder at 
the time of being unable to break down the crystal structure as much as possible because 
it considers [ whether it grinds and ] as short-time pulverization, and being able to 
consider as a state with few impurities, and producing the high sintered compact of a 
boride content. The more desirable range of 1 or more-GPa 5 or less GPa of a sintering 
pressure is 3 or less GPa more than per GPa still more preferably. The more desirable 
range of sintering temperature is 1200-1400 degrees C. The sintering holding time has 
about 15 - 60 desirable minutes. 

[0015] The detailed boride particle used as the raw material powder of a sintered compact 
has two kinds, the method of obtaining the boride particle of a particle from the 
beginning, without grinding, and the method of making it into a particle by obtaining 

-ssaHSO-^SiiFfirstand-grinding aftei^that. 

[0016] The method which does not grind can be acquired according to the process which 
heat-treats the raw material which has composition of one element M:3 chosen from 75 to 
91 atom %, four to aluminum:21 atom %, a periodic table la, and an Ua group by 1 
micrometer or less of boron:maximum drdplet sizes - 6 atom % at the temperature of 
1300 degrees C or less in inert gas atmosphere other than nitrogen. 
[0017] The maximum droplet size of the boride particle obtained can be held down to 3 
micrometers or less because a maximum droplet size uses boron 1 micrometer or less as a 
raw material. 

[0018] Conventionally, in AlMgB14, in order to carry out a crystal growth, many 
aluminum was contained. For example, the content of aluminum is a 80 - 91 atom % 
grade. In this invention, the content of aluminum was reduced as much as possible, and 
the composition from which a detailed boride particle is obtained was chosen. When it 
separates from the composition range specified above, a grain growth happens and there 
is an inclination used as the boride particle of coarse grain. 

[0019] The example of composition from which the content of aluminum was changed 
and the boride particle of a particle was obtained by the above-mentioned method about 
AlMgB14 is shown in Table L Some oxide was also seen, although composition No.l in 
this table 1 is the stoichiometric composition of AlMgB14 and the detailed boride particle 
was obtained. Moreover, the obtained particle was a particle and No.2 were desirable 
AlMgB14 also with very little oxide. Furthermore, although No.3 have compounded 
AlMgB14 of a particle, it has coarse-grain-ized compared with No.2, and 21 atom % is 
thought as an amount of aluminum from which a desirable particle is obtained. 
[0020] 
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[0021] Atmosphere of heat-treatment is made into inert gas atmosphere. However, 
nitrogen is removed. Usually, it is suitable to use an argon. 
[0022] Heat-treatment temperature should just be the temperature not more than 
temperature -1300 degree C beyond the melting point (660.4 degrees C) of aluminum 



theoretically. It is not desirable in order to compound A1B12 simultaneously, when it 
compounds at the temperature exceeding 1300 degrees C. 1200-1300 degrees C 
especially of optimal synthetic temperature are before and after 1200 degrees C. About 
30 - 90 minutes of the holding time are desirable. 

[0023] When it was this method, and the boride particle of a particle can be obtained, an 
impurity mixes at the time of pulverization and it considers as a sintered compact, 
without grinding, it can avoid that the content of a boride falls. 
^ [0024] Next, the method of grinding heat-treats the raw material which has composition 
of one element M:3 first chosen from 75 to 91 atom %, four to aluminum:21 atom %, a 
periodic table la, and an Ua group by 40 micrometers or less of boron:maximum droplet 
sizes - 6 atom % at the temperature of 1300 degrees C or less in inert gas atmosphere 
other than nitrogen, and a maximum droplet size is 50 micrometers or less, and it obtains 
the boride-pas^ds-^feiS^micrGmeters or less of mean particle diameters. Then, this 
maximum droplet size grinds a boride particle 50 micrometers or less, and considers as 
the boride particle of 5 micrometers or less of maximum droplet sizes. 
[0025] The atmosphere in composition of a raw material and heat-treatment and 
temperature are the same as that of the case of the method which does not grind. 
Although the boride particle size compounded since the particle size of boron used as a 
raw material was coarse also becomes large here, even if a maximum droplet size uses a 
pulverization process by setting a mean particle diameter to 15 micrometers or less by 50 
micrometers or less,-izing can be carried out [ detailed ] to 5 micrometers or less of 
maximum droplet sizes for a short time. Pulverization time can obtain boride powder in 
short ******** and the state where there is almost no mixing of an impurity. And a 
degree of sintering is also improved by using a boride particle with few impurities, and a 
precise sintered compact can be obtained. 

[0026] It is desirable to perform pulverization by choosing conditions which an impurity 
does not mix as much as possible. As an example of a pulverization condition using the 
ball mill, product made from ballralumina, diameter [ of 3-6nmi ], and pulverization time: 
4-10 hours are mentioned. As much as possible, grinding for a short time is desirable. 
[0027] The detailed boride particle compounded as mentioned above can also obtain a 
sintered compact, using Ti, TiC, AIN, and aluminum203 grade as a binding material. 
[0028] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is 
explained. 

(Example 1) the magnesium dust of 99.9% of purity, the amorphous boron powder of 1 
micrometer or less of maximum droplet sizes, 99.9% of purity, the aluminium powder of 
40 micrometers or less of maximum droplet sizes, 99.9% of purity, and 180 micrometers 
of maximum droplet sizes — respectively - 85 atom % and ten atom % — 5 atom % 
combination mixture was carried out This end of mixed powder was put into the high 
grade alumina crucible, and it installed into the elevated-temperature atmosphere heating 
furnace, and it cooled, holding argon gas atmosphere, after holding at 1200 degrees C for 
1 hour, among 99.99% or more of high grade argon gas atmosphere, and. Dissolution 
processing of the powder after heating was carried out in the hydrochloric acid, and 
excessive aluminum was removed. When the powder which remained was investigated 
by X diffraction measurement, the diffraction peak of only AlMgBM was shown. When 
the particle size analysis was performed, it was the detailed powder which consists of 



particle size of 0.7 micrometers by 2 micrometers and average at the maximum. 
[0029] After carrying out dryness processing of this powder at 600 degrees C among the 
vacuum of 10-5torr (1.33xlO-5kPa), pressing was carried out to the shape of a pellet. 
This Plastic solid was held at pressure ISOMPa and the temperature of 1300 degrees C 
for 1 hour using hotpress equipment, and the sintered compact was obtained. The relative 
density to 2.6 g/cm3 of theoretical density was 98.6%, and when the obtained sintered 
compact measured Vickers hardness, it was 27GPa. When X diffraction measurement 
furthermore analyzed the sintered compact, the diffraction peak of MgAl 204 which is an 
oxide slightly was observed besides AlMgB14. From the calibration curve of the peak 
intensity ratio obtained from X diffraction measurement of the mixture whose 
composition is known, AlMgB14 was the content of 98.4 volume % in this isintered 
compact. 

[0030] ^ampl8-3^)-?h©-f^d0r of AlMgS14 was produced like the exanq)le 1, and 
among the vacuum of 10-5torr (1.33xlO-5kPa), and after carrying out dryness processing 
at 600 degrees C, pressing of this powder was carried out to the shape of a pellet. This 
Plastic solid was held for 30 minutes at pressure 2GPa and the temperature of 1300 
degrees C using extra-high voltage elevated-temperature equipment, and the sintered 
compact was obtained. The obtained sintered compact was 32GPa, when the relative 
density to 2.6 g/cm3 of theoretical density has 99.7% of precise organization and 
measured Vickers hardness. As a result of performing X diffraction measurement like an 
example 1, the content of AlMgB14 was 99.5 volume %. 

[0031] (Example 3) the magnesium dust of 99.9% of purity, the crystalline-substance 
(trigonal system) boron powder of 40 micrometers or less of maximum droplet sizes, 
99.9% of purity, the aluminium powder of 40 micrometers or less of maximum droplet 
sizes, 99.9% of purity, and 180 micrometers of maximum droplet sizes - respectively — 
85 atom % and ten atom % - 5 atom % combination mixture was carried out This end of 
mixed powder was put into the high grade alumina crucible, and it installed into the 
elevated-temperature atmosphere heating fiimace, and it cooled, holding argon gas 
atmosphere, after holding at 1200 degrees C for 1 hour, among 99.99% or more of high 
grade argon gas atmosphere, and. Dissolution processing of the powder after heating was 
carried out in the hydrochloric acid. When the powder which remained was investigated 
by X diffraction measurement, the diffraction peak of only AlMgB14 was shown. When 
the particle size analysis was performed, the maximum droplet size was 15 micrometers 
in the mean particle diameter at 50 micrometers or less. 

[0032] Using the ball mill, this powder was ground until the maximum droplet size was 
set to 5 micrometers or less in ethanol. After carrying out dryness processing of the 
powder after pulverization at 600 degrees C among the vacuum of 10-5torr (1.33x10- 
5kPa), pressing was carried out to the shape of a pellet. Using hotpress equipment, at 
pressure 180MPa and the temperature of 1200 degrees C, this Plastic solid was held for 1 
hour, and was sintered. The obtained sintered compact was 97% of relative density to 2.6 
g/cm3 of theoretical density, and Vickers hardness was 25.5GPa(s). As a result of 
performing X diffraction measurement like an example 1, the content of AlMgB14 was 
98.3 volume %. 

[0033] (Example 4) Like the example 3, the pulverized-powder end of AlMgB14 was 
produced, and among the vacuum of 10-5torr (1.33xlO-5kPa), and after carrying out 
dryness processing at 600 degrees C, pressing of this powder was carried out to the shape 



of a pellet. This Plastic solid was held for 30 minutes at pressure 2GPa and the 
temperature of 1300 degrees C using extra-high voltage elevated-temperature equipment, 
and the sintered compact was obtained. The obtained sintered compact was 32.3GPa, 
when relative density has 99.5% of precise organization and measured Vickers hardness. 
As a result of performing X diffraction measurement like an example 1, the content of 
AlMgB14 was 99.0 volume %. 

[0034] (Example 5) Combination mixture of "99.9% of purity, the amorphous boron 
powder of 1 micrometer or less of maximum droplet sizes", and the "aluminum-28 atom 
% lithium alloy-powder end of 99.9% of purity and 300 micrometers or less of maximum 
droplet sizes" was carried out 30% of the weight with 70 % of the weight, respectively so 
that the composition ratio of boron, aluminum, and a lithium might become 82 atom %, 
13 atom %, and 5 atom %. This end of mixed powder was put into the high grade alumina 
crucible, and it installedintQJtheLdfiyaled=temnej^ti«^ furnace, and it 

cooled, holding argon gas atmosphere, after holding at 1200 degrees C for 1 hour, among 
99.99% or more of high grade argon gas atmosphere, and. Dissolution processing of the 
powder after heating was carried out in the hydrochloric acid. When the powder which 
remained was investigated by X diffraction measurement, the diffraction peak of only 
AlLiB14 was shown. When the particle size analysis was performed, it was the detailed 
powder which consists of particle size of 0.8 micrometers by 3 micrometers and average 
at the maximum. 

[0035] After carrying out dryness processing of this powder at 600 degrees C among the 
vacuum of 10-5torr (L33xlO-5kPa), pressing was carried out to the shape of a pellet. 
This Plastic solid was held at pressure 180MPa and the temperature of 1300 degrees C 
for 1 hour using hotpress equipment, and the sintered compact was obtained. The 
obtained sintered compact was 98% of relative density to 2.46 g/cm3 of theoretical 
density, and when it measured Vickers hardness, it was 30GPa. As a result of performing 
X diffraction measurement like an example 1 , the diffraction peak of AlLi02 was 
observed as an oxide, and the content of AlLiB14 in a sintered compact was 99.6%. 
[0036] (Example 1 of an examination) The sintered compact of examples 1-5 was joined 
on the base metal of cemented caibide, and periphery cutting of the round bar 
(phil50x300mm) of S45C (HRC35) which produced and heat-treated the cutting tool 
which made this the cutting edge was performed for 10 minutes. Cutting conditions are 
V=300 m/min, d= O.Snmi, f=0.15mm/rev., and dry type. 

[0037] The cutting tool was prepared from the sintered compact which the maximum 
droplet size produced by the method of an example 3 held by the mean particle diameter 
by 50 micrometers or less as an example 1 of comparison, held the 15-micrometer 
particle at pressure 180MPa and the temperature of 1300 degrees C with the hotpress for 
1 hour, and was obtained. Furthermore, the conmiercial alumina system ceramic tool and 
the cermet tool of marketing as an example 3 of comparison were also used as an 
example 2 of comparison. The result is shown in Table 2. 
[0038] 
[Table 2] 



[0039] As shown in Table 2, the example showed the outstanding abrasion resistance and 
showed the longevity life. On the other hand, the sintered compact with coarse grain had 
low intensity, and suffered a loss in the middle of cutting. An alumina tool is in the 
middle of processing, and sliowed-tlte^hoH^nfe by uie deficlt. Toug^ of the cermet 
tool was low and the edge of a blade damaged it completely simultaneously with a 
cutting start. 

[0040] (Example 2 of an examination) The **-ed material which put four V character 
slots into the round bar (phil50x300nmi) of SCN435 (HRC40) which produced and heat- 
treated the cutting tool of an example and the example of comparison like the example 1 
of an examination was prepared, and intermittent cutting by which the load of the shock 
is carried out to a tool was performed. Cutting conditions are V=200 m/min, d= 0.2nun, 
f=0.12nmi/rev., and dry type. The result is shown in Table 3. 
[0041] 
[Table 3] 



[0042] As shown in Table 3, the example showed the outstanding deficit-proof nature. 
On the other hand, since intensity was insufficient for the sintered compact and the 
alumina tool with coarse grain, they suffered a loss in early stages of cutting. The heat 
check occurred and the cermet tool suffered a loss. 
[0043] 

[Effect of the Invention] It has the abrasion resistance and deficit-proof nature which 
were excellent when this invention sintered compact had the high content of a boride, it 
was constituted as a sintered compact which consists only of a boride substantially and it 
used as a cutting tool, as explained above. 

[0044] Moreover, the manufacture method of this invention sintered compact can obtain 
the precise sintered compact of a high degree of hardness by using the raw material 
powder of a particle. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the suitable 
boride sintered compact for antifriction material or a cutting tool, and its manufacture 
method. Especially, it is related with the optimal boride sintered compact and its optimal 
manufacture method of a high degree of hardness for a processing abrasion-resistant tool 
or a cutting tool of steel or cast iron. 



PRIOR ART 



[Description of the Prior Art] Although aluminum 203 for cutting and Si3N4 ceramic 
tool are excellent in abrasion resistance,ahey.ajeJai±ifflgrjj^^ and they cannot 

acquire tool life sufficient in intermittent cutting. On the other hand, although a cBN 
sintered compact shows a long-life life more, the cBN powder raw material compounded 
under extra-high voltage is expensive. Furthermore, since a cBN sintered compact sinters 
by the extra-high voltage of 4 or more GPas which is the stable zone of cBN, even if a 
tool unit price is high and it long lasting, a cost merit cannot be obtained. [ unit price ] 
[0003] On the other hand, the single crystal of AlMgB14 or AlLiB14 shows an about 
3000-Hv high degree of hardness, and the dogged crystal structure can be expected as a 
tool material which combined deficit-proof nature and abrasion resistance. 
[0004] As conventional technology about AlMgB14, it is W.Higashi. and T.Ito J.Less 
The technology of a publication is known by Comm.Met.92 (1983) 239. This paper 
dissolves magnesium and boron into a lot of aluminum melts, and the method of 
depositing a crystal is indicated. 

[0005] Moreover, the technology of a publication is known by USP6099605 as another 
conventional technology. This official report shows that the sintered compact of a high 
degree of hardness is obtained by sintering the powder of aluminum, Mg, and B element 
with hotpress equipment, after turning minutely using the mechanical alloying method. 



EFFECT OFTHE INVENTION 



[Effect of the Invention] It has the abrasion resistance and deficit-proof nature which 
were excellent when this invention sintered compact had the high content of a boride, it 
was constituted as a sintered compact which consists only of a boride substantially and it 
used as a cutting tool, as explained above. 

[0044] Moreover, the manufacture method of this invention sintered compact can obtain 
the precise sintered compact of a high degree of hardness by using the raw material 
powder of a particle. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the method of the aforementioned paper, 
AlMgBI4 particle dozens of micrometers or more is generable. More specifically, the 



minimum is also 50 micrometers and particle size amounts to 2mm at the maximum. 
However, there was a problem that a precise sintered compact could not be obtained, in 
such coarse grain. Moreover, when such coarse grain is ground, detailed-ization takes a 
long time, an impurity mixes in 3 % of the weight or more and a large quantity from a 
pulverization container or tumbling medias (ball etc.), and the sintered compact which 
can evaluate abrasion resistance and deficit-proof nature is not obtained. 
[0007] On the other hand, in order for the pulverization equipment of the high-energy 
type into which a steel crushing steel ball and steel raw material powder were put to 
perform mechanical alloying process to USP6099605 with tiie technology of a 
pubhcation, impurity mixing of a crushing steel ball or the container quality of the 
material is not avoided. Therefore, it is checked that iron and raw material boron react, 
and FeB49 is generating and mixing. The 2 yuan boride of such a metal is a brittle 
material, and when a sintered compact ismanufe&ftHed-and-ituses as a cutting tool, there 
is a problem referred to as reducing the deficit-proof nature of the edge of a blade. 
Moreover, since there is fear of explosion by still more rapid oxidation reaction, it is [ 
that it is easy to produce oxidation reaction in mechanical alloying ] substantially 
impossible to turn minutely the boride containing Ia(s), such as Li and Na, and an Ha 
group metal, and to obtain a sintered compact. 

[0008] Therefore, the key objective of this invention is to offer a boride sintered compact 
equipped with deficit-proof nature required for cutting of steel etc., and its manufacture 
method. Moreover, other purposes of this invention are to offer the high boride sintered 
compact and its manufacture method of density by the low cost. 



MEANS 



[Means for Solving the Problem] this invention attains the above-mentioned purpose by 
specifying composition, the particle size of a raw material, or the synthetic conditions of 
raw material powder. That is, this invention boride sintered compact is a boride sintered 
compact containing the boride which consists of one element M chosen from aluminum, 
a periodic table la, and an Ila group metal, and boron. This boride sintered compact 
consists of the boride and unescapable impurity by which composition is expressed with 
AlX<=lMy<=lBZ>=12. And it is characterized by the content of the boride occupied to 
this sintered compact being more than 98 volume %. 

[0010] Conventionally, the sintered compact containing the boride to which composition 
is expressed with AlX<=lMy<=lBZ>=12 has the low content of a boride, for example, 
the impurity is contained in ySP6099605 to 10% of the weight of order with the 
technology of a publication. This is because an impurity mixes in that case since 
pulverization which destroys the crystal structure nearly completely by mechanical 
alloying is performed to raw material powder. In this invention, by using for a raw 
material the detailed powder with which the crystal structure has not collapsed as much 
as possible, the high sintered compact of the content of a boride can be obtained and the 
optimal high degree of hardness for a cutting tool and deficit-proof nature can be 
combined. 

[001 1] this invention sintered compact consists of a 3 yuan boride to which composition 
is expressed with AlX<=lMy<=lBZ>=12, and an unescapable impurity of under 2 



volume %. AlMgB14, AlLiB14» etc. are mentioned as composition of a more concrete 
boride. In AlMgB14, more exact structure is aluminum0.75Mg 0.78B14. As an 
unescapable impurity, generally, by the aluminum-Mg-B system, the oxide containing 
aluminum and Mg is seen and the oxide containing aluminum and Li is seen by the 
aluminum-Ii-B system. As an oxide containing aluminum and Mg, AlLi02 is mentioned 
as an oxide with which MgAl 204 contains aluminum and Li. 
[0012] It is desirable to set to 3 micrometers or less the maximum droplet size of the 
^ boride which constitutes a sintered compact, and to set the mean particle diameter of a 
boride to 1 micrometer or less. By constituting such a detailed boride, the precise sintered 
compact of a high degree of hardness can be obtained. The degree of hardness of a 
sintered compact desirable as a cutting tool is more than Hv25GPa. Moreover, 97% or 
more of the relative density to the theoretical density of a sintered compact is desirable. 
[0013] On the other hand, the manufacture method of thisinventionLborlde sintered 
compact is characterized by having the process at which a maximum droplet size sinters a 
boride particle (3 micrometers or less or 5 micrometers or less) less than [ more than 
pressure: ISOMPalOGPa ] and less than [ more than temperature: 1000 degree-C1500 
degree C]. 

[0014] By using a detailed boride particle, the precise sintered compact of a high degree 
of hardness can be obtained. Such a boride particle is suitable as raw material powder at 
the time of being unable to break down the crystal structure as much as possible because 
it considers [ whether it grinds and ] as short-time pulverization, and being able to 
consider as a state with few impurities, and producing the high sintered compact of a 
boride content. The more desirable range of 1 or more-GPa 5 or less GPa of a sintering 
pressure is 3 or less GPa more than per GPa still more preferably. The more desirable 
range of sintering temperature is 1200-1400 degrees C. The sintering holding time has 
about 15 - 60 desirable minutes. 

[0015] The detailed boride particle used as the raw material powder of a sintered compact 
has two kinds, the method of obtaining the boride particle of a particle from the 
beginning, without grinding, and the method of making it into a particle by obtaining 
coarse grain first and grinding after that. 

[0016] The method which does not grind can be acquired according to the process which 
heat-treats the raw material which has composition of one element M:3 chosen from 75 to 
91 atom %, four to aluminum:21 atom %, a periodic table la, and an Ua group by 1 
micrometer or less of boron:maximum droplet sizes - 6 atom % at the temperature of 
1300 degrees C or less in inert gas atmosphere other than nitrogen. 
[0017] The maximum droplet size of the boride particle obtained can be held down to 3 
micrometers or less because a maximum droplet size uses boron 1 micrometer or less as a 
raw material. 

[0018] Conventionally, in AlMgB14, in order to carry out a crystal growth, many 
aluminum was contained. For example, the content of aluminum is a 80 - 91 atom % 
grade. In this invention, the content of aluminum was reduced as much as possible, and 
the composition fix>m which a detailed boride particle is obtained was chosen. When it 
separates from the composition range specified above, a grain growth happens and there 
is an inclination used as the boride particle of coarse grain. 

[0019] The example of composition from which the content of aluminum was changed 
and the boride particle of a particle was obtained by the above-mentioned method about 



AlMgB14 is shown in Table 1. Some oxide was also seen, although composition No.l in 
this table 1 is the stoichiometric composition of AlMgB14 and the detailed boride particle 
was obtained. Moreover, the obtained particle was a particle and No.2 were desirable 
AlMgB14 also with very little oxide. Furthermore, although No.3 have compounded 
AlMgB14 of a particle, it has coarse-grain-ized compared with No.2, and 21 atom % is 
thought as an amount of aluminum from which a desirable particle is obtained. 
[0020] 
[Table 1] 



[0021] Atmosphere of heat-treatment is made into inert gas atmosphere. However, 
nitrogen is removed. Usually, it is suitable to use an argon. 
[0022] Heat-treatment temperature should just be the temperature not more than 
temperature -1300 degree C beyond the melting point (660.4 degrees C) of aluminum 
theoretically. It is not desirable in order to compound A1B12 simultaneously, when it 
compounds at the temperature exceeding 1300 degrees C. 1200-1300 degrees C 
especially of optimal synthetic temperature are before and after 1200 degrees C. About 
30 - 90 minutes of the holding time are desirable. 

[0023] When it was this method, and the boride particle of a particle can be obtained, an 
impurity miixes at the time of pulverization and it considers as a sintered compact, 
without grinding, it can avoid that the content of a boride falls. 
[0024] Next, the method of grinding heat-treats the raw material which has composition 
of one element M:3 first chosen from 75 to 91 atom %, four to aluminum:21 atom %, a 
periodic table la, and an Ua group by 40 micrometers or less of boronimaximum droplet 
sizes - 6 atom % at the temperature of 1300 degrees C or less in inert gas atmosphere 
other than nitrogen, and a maximum droplet size is 50 micrometers or less, and it obtains 
the boride particle of 15 micrometers or less of mean particle diameters. Then, this 
maximum droplet size grinds a boride particle 50 micrometers or less, and considers as 
the boride particle of 5 micrometers or less of maximum droplet sizes. 
[0025] The atmosphere in composition of a raw material and heat-treatment and 
temperature are the same as that of the case of the method which does not grind. 
Although the boride particle size compounded since the particle size of boron used as a 
raw material was coarse also becomes large here, even if a maximum droplet size uses a 
pulverization process by setting a mean particle diameter to 15 micrometers or less by 50 
micrometers or less,-izing can be cariied out [ detailed ] to 5 micrometers or less of 
maximum droplet sizes for a short time. Pulverization time can obtain boride powder in 
short ******** and the state where there is almost no mixing of an impurity. And a 
degree of sintering is also improved by using a boride particle with few impurities, and a 
precise sintered compact can be obtained. 

[0026] It is desirable to perform pulverization by choosing conditions which an impurity 
does not mix as much as possible. As an example of a trituration condition using the ball 
mill, product made from ball:alumina, diameter [ of 3-6nmi ], and trituration time: 4-10 
hours are mentioned. As much as possible, grinding for a short time is desirable. 



[0027] The detailed boride particle compounded as mentioned above can also obtain a 
sintered compact, using Ti, TiC, AIN, and aluminum203 grade as a binding material. 
[0028] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is 
explained. 

(Example 1) the magnesium dust of 99.9% of purity, the amorphous boron powder of 1 
micrometer or less of maximum droplet sizes, 99.9% of purity, the aluminium powder of 
40 micrometers or less of maximum droplet sizes, 99.9% of purity, and 180 micrometers 
of maximum droplet sizes - respectively - 85 atom % and ten atom % ~ pentatonriic % 
combination mixture was carried out This end of mixed powder was put into the high 
grade alumina crucible, and it installed into the elevated-temperature atmosphere heating 
furnace, and it cooled, holding argon gas atmosphere, after holding at 1200 degrees C for 
I hour, among 99.99% or more of high grade argon gas atmosphere, and..D.i^1i itinn- r=- 
piocessing of the powder after heating was carried out in tiie hydrochloric acid, and 
excessive aluminum was removed. When the powder which remained was investigated 
by X diffraction measurement, the diffraction peak of only AlMgB14 was shown. When 
the particle size analysis was performed, it was the detailed powder which consists of 
particle size of 0.7 micrometers by 2 micrometers and average at the maximum. 
[0029] After carrying out dryness processing of this powder at 600 degrees C among the 
vacuum of 10-5torr (1.33xlO-5kPa), pressing was carried out to the shape of a pellet. 
This Plastic solid was held at pressure ISOMPa and the temperature of 1300 degrees C 
for 1 hour using hotpress equipment, and the sintered compact was obtained. The relative 
density to 2.6 g/cm3 of theoretical density was 98.6%, and when the obtained sintered 
compact measured Vickers hardness, it was 27GPa. When X diffraction measurement 
furthermore analyzed the sintoed compact, the diffraction peak of MgAl 204 which is an 
oxide slightly was observed besides AlMgB 14. From the calibration curve of the peak 
intensity ratio obtained from X diffraction measurement of the mixture whose 
composition is known, AlMgB 14 was the content of 98.4 volume % in this sintered 
compact. 

[0030] (Example 2) The powder of AlMgB 14 was produced like the example 1, and 
among the vacuum of 10-5torr (1.33xlO-5kPa), and after carrying out dryness processing 
at 600 degrees C, pressing of this powder was carried out to the shape of a pellet. This 
Plastic solid was held for 30 minutes at pressure 2GPa and the tempo-ature of 1300 
degrees C using extra-higji voltage elevated-temperature equipment, and the sintered 
compact was obtained. The obtained sintered compact was 32GPa, when the relative 
density to 2.6 g/cm3 of theoretical density has 99.7% of precise organization and 
measured Vickers hardness. As a result of performing X diffraction measurement like an 
example 1, the content of AlMgB 14 was 99.5 volume %. 

[0031] (Example 3) the magnesium dust of 99.9% of purity, the crystalline-substance 
(trigonal system) boron powder of 40 micrometers or less of maximum droplet sizes, 
99.9% of purity, the aluminium powder of 40 micrometers or less of maximum droplet 
sizes, 99.9% of purity, and 180 micrometers of maximum droplet sizes ~ respectively ~ 
85 atom % and ten atom % ~ pentatomic % combination mixture was carried out This 
end of mixed powder was put into the high grade alumina crucible, and it installed into 
the elevated-temperature atmosphere heating furnace, and it cooled, holding argon gas 
atmosphere, aftw holding at 1200 degrees C for 1 hour, among 99.99% or more of high 



grade argon gas atmosphere, and. Dissolution processing of the powder after heating was 
carried out in the hydrochloric acid. When the powder which remained was investigated 
by X diffraction measurement, the diffraction peak of only AlMgB14 was shown. When 
the particle size analysis was performed, the maximum droplet size was 15 micrometers 
in the mean particle diameter at 50 micrometers or less. 

[0032] Using the ball mill, this powder was ground until the maximum droplet size was 
set to 5 micrometers or less in ethanol. After carrying out dryness processing of the 
powder after pulverization at 600 degrees C among the vacuum of 10-5torr (1.33x10- 
5kPa), pressing was carried out to the shape of a pellet. Using hotpress equipment, at 
pressure ISOMPa and the temperature of 1200 degrees C, this Plastic solid was held for 1 
hour, and was sintered. The obtained sintered compact was 97% of relative density to 2.6 
g/cm3 of theoretical density, and Vickers hardness was 25.5GPa(s). As a result of 
performing X diffraction measurement like an example 1, the content of AlMgB14 was._ 
98.3 volume %. 

[0033] (Example 4) like the example 3, the pulverized-powder end of AlMgB14 was 
produced, and among the vacuum of 10-5torr (1.33xlO-5kPa), and after carrying out 
dryness processing at 600 degrees C, pressing of this powder was carried out to the shape 
of a pellet. This Plastic sohd was held for 30 minutes at pressure 2GPa and the 
temperature of 1300 degrees C using extra-high voltage elevated-temperature equipment, 
and the sintered compact was obtained. The obtained sintered compact was 32.3GPa, 
when relative density has 99.5% of precise organization and measured Vickers hardness. 
As a result of performing X diffraction measurement like an example 1, the content of 
AlMgB 14 was 99.0 volume %. 

[0034] (Example 5) Combination mixture of "99.9% of purity, the amorphous boron 
powder of 1 micrometer or less of maximum drojplet sizes", and the "aluminum-28 atom 
% lithium alloy-powder end of 99.9% of purity and 300 micrometers or less of maximum 
droplet sizes" was carried out 30% of the weight with 70 % of the weight, respectively so 
that the composition ratio of boron, aluminum, and a lithium might become 82 atom %, 
13 atom %, and 5 . atom %. This end of mixed powder was put into the high grade alumina 
crucible, and it installed into the elevated-temperature atmosphere heating furnace, and it 
cooled, holding argon gas atmosphere, after holding at 1200 degrees C for 1 hour, among 
99.99% or more of high grade argon gas atmosphere, and. Dissolution processing of the 
powder after heating was carried out in the hydrochloric acid. When the powder which 
remained was investigated by X diffraction measurement, the diffraction peak of only 
AlLiB14 was shown. When the particle size analysis was performed, it was the detailed 
powder which consists of particle size of 0.8 micrometers by 3 micrometers and average 
at the maximum. 

[0035] After carrying out dryness processing of this powder at 600 degrees C among the 
vacuum of 10-5torr (1.33xl0-5kPa), pressing was carried out to the shape of a pellet. 
This Plastic solid was held at pressure 180MPa and the temperature of 1300 degrees C 
for 1 hour using hotpress equipment, and the sintered compact was obtained. The 
obtained sintered compact was 98% of relative density to 2.46 g/cm3 of theoretical 
density, and when it measured Vickers hardness, it was 30GPa. As a result of performing 
X diffraction measurement like an example 1, the diffraction peak of AlLi02 was 
observed as an oxide, and the content of AlLiB14 in a sintered compact was 99.6%. 
[0036] (Example 1 of an examination) The sintered compact of examples 1-5 was joined 



on the base metal of cemented carbide, and periphery cutting of the round bar 
(phi 150x300mm) of S45C (HRC35) which produced and heat-treated the cutting tool 
which made this the cutting edge was performed for 10 minutes. Cutting conditions are 
V=300 m/min, d= 0.5mm, ^.15mm/rev., and dry type. 

[0037] The cutting tool was prepared from the sintered compact which the maximum 
droplet size produced by the method of an example 3 held by the mean particle diameter 
by 50 micrometers or less as an example 1 of comparison, held the 15-micrometer 
particle at pressure ISOMPa and the temperature of 1300 degrees C with the hotpress for 
1 hour, and was obtained. Furthermore, the commercial alumina system ceramic tool and 
the cermet tool of marketing as an example 3 of comparison were also used as an 
example 2 of comparison. The result is shown in Table 2. 
[0038] 
[Table 2] 



[0039] As shown in Table 2, the example showed the outstanding abrasion resistance and 
showed the long-life life. On the other hand, the sintered compact with coarse grain had 
low intensity, and suffered a loss in the middle of cutting. An alumina tool is in the 
middle of processing, and showed the short life by the deficit. Toughness of the cermet 
tool was low and the edge of a blade damaged it completely simultaneously with a 
cutting start. 

[0040] (Example 2 of an examination) The **-ed material which put four V character 
slots into the round bar (phil50x300mm) of SCN435 (HRC40) which produced and heat- 
treated the cutting tool of an example and the example of comparison like the example 1 
of an examination was prepared, and intermittent cutting by which the load of the shock 
is carried out to a tool was performed. Cutting conditions are V=200 m/min, d= 0.2mm, 
f=0.12mm/rev., and dry type. The result is shown in Table 3. 
[0041] 
[Table 3] 



[0042] As shown in Table 3, the example showed the outstanding deficit-proof nature. 



On the other hand, since intensity was insufficient for the sintered compact and the 
alumina tool with coarse grain, they suffered a loss in early stages of cutting. The heat 
check occurred and the cermet tool suffered a loss. 



